Rho, Rac, Pak and angiogenesis: old roles and newly identified responsibilities in endothelial cells.
Angiogenesis-the develoment of microvasculature-requires, in part, directed endothelial cell motility and responsiveness to external signals. Several of the proteins, which modulate and/or direct endothelial cell motility and morphology in angiogenesis are the Rho GTPases (Rho, Rac, and Cdc42) and Pak (a downstream effector of Rac and Cdc42). Previously, overexpression and activation of Rho GTPases and Pak had been implicated in the development of cancer, through their roles in cancer cell transformation, stimulation of proliferation, inhibition of apoptosis, and migration. Yet regardless of the transformed status of cells within a tumor, without a blood supply most tumors cannot grow larger than 1-2 mm. The blood supply in tumors is provided by capillaries formed of endothelial cells in a process called angiogenesis. Consequently, there is enormous interest in the role of the wild type endothelial cells-and the signaling mechanisms required to support angiogenesis and subsequent growth of metastatic and aggressive cancers. Recent work has begun to uncover the roles of the Rho GTPases and Pak in the regulation of normal endothelial cell function. This review will discuss the current literature regarding the roles of Rho and Rac, and the Rac effector-Pak, in endothelial cells, and we will propose new avenues of research for interaction of the AGC kinase-PKG, with the Rho GTPases and Pak in the cell motility and cell morphology of endothelial cells.